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Bayley Scales of Infant Development (BSID) is considered to be a standard test for child development.
The test requires experienced evaluator and is time consuming; therefore, it is not easy to apply in busy clinic.
The Cognitive Adaptive Test/Clinical Linguistic and Auditory Milestone Scale (CAT/CLAMS) is an easy
assessment method that has been demonstrated to correlate with BSID in many studies among normal and
developmental delayed children, including in HIV-infected infants. We created a pilot system of CAT/CLAMS
assessment applied to 16 HIV-infected infants ages 12-34 months. They were all in the normal range score of
developmental quotient (DQ).  However, longitudinal follow-up by CAT/CLAMS assessment is needed in
these HIV-infected children.  When DQ score is below 70 (assuming to be delayed development), the child
should be evaluated by BSID.  In this way delayed development can be screened easily and early developmental
stimulation program can be implemented appropriately.
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HIV virus is a lymphotropic and neurotropic
virus. Delayed in neurodevelopmental milestones can
be the first presenting symptom(1-2). Symptoms varied
from mild, such as abnormal muscle tone to severe,
such as progressive developmental delay or loss of
previously acquired milestone. These symptoms could
be detected as early as 6 month of age(3).

The Bayley Scales of Infant Development
(BSID) are the frequently used assessment method to
evaluate neurodevelopment in infants and young chil-
dren. However, the test is time consuming (30-45 minute
administration time) and requires experienced person-
nel to apply and interpret. These make the test unable
to implement routinely in general practice.

The Cognitive Adaptive Test / Clinical Lin-
guistic and Auditory Milestone Scale (CAT/CLAMS)

was designed for use by primary pediatric health care
providers to screen children for cognitive delay using
minimal equipment in shorter time (usually 15-20 min-
utes)(4).  Correlation between CAT/CLAMS and BSID
has been demonstrated in normal children as well as
high risk groups of developmental delayed children
between 1 to 36 months of age(5-6).

This study aimed to evaluate CAT/CLAMS
as a screening tool for detection of developmental
problem HIV-infected children in our HIV clinic.  The
patients with abnormal CAT/CLAMS assessment were
then confirmed by BSID and were treated appropri-
ately.

Material and Method
We initiated neurodevelopmental assessment

program using CAT/CLAMS in HIV-infected children
who were followed at Siriraj Hospital, Bangkok.

HIV infected children, diagnosed by either two
positive DNA PCR at any time or positive HIV anti-
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body after 18 months of age were enrolled. At the time
of assessment, subjects did not have any acute illness
and visited the clinic for antiretroviral therapy. The CAT/
CLAMS assessment was applied by either one of the
investigators (PT or NK).

CAT/CLAMS is a 100-item scale administered
in two parts and is obtained through observation. CAT
consists of visual-motor problem solving items per-
formed directly with the child. CLAMS items consist of
language acquisition. The test is performed in sequen-
tial fashion until the basal age is reached, i.e, when two
consecutive months of items were all scored positive.
Items would continue to be presented to the patient
until the items of the next two consecutive months of
were all unable to attain. This report is the result of
one-time cross-sectional assessment.

Scoring:-
Developmental quotient on visual motor prob-

lem solving (CAT DQ) is CAT age divided by chrono-
logical age, then multiplied by 100. Developmental quo-
tient in language (CLAMS DQ) is CLAMS age divided
by chronological age, then multiplied by 100. CAT/
CLAMS-r developmental quotient is the arithmetic mean
of CAT DQ and CLAMS DQ.

Interpretation: -
The DQ of 85 to 120 is normal; 70 to 85 is

borderline; under 70 is delayed. Discrepancies between
CAT DQ and CLAMS DQ may be seen in communica-
tive disordered child.

Results
Sixteen HIV infected children were assessed.

Their age range was between 12 to 34 months. Eight
patients were male (13-34 months old) and eight were
female (12-32 months old).  Most of the males (5 of 8)
were younger than 19 months of age while seven of
eight females were older than 19 months of age.  The
CAT/CLAMS was successfully performed in every
child and finished within 15-20 minutes. The DQ score
of CAT CLAMS and CAT /CLAMS-r were displayed in
Table 1.  All except one child had DQ score less than 85.
There were 3 children who had CAT DQ and CLAMS
DQ difference of > 10.

Discussion
CAT/CLAMS assessment is an easy and

feasible test for general practitioners.  Personnel can
be trained to perform the test within 2-3 hours. CAT/
CLAMS assessment has 66-88 % sensitivity and

Table 1. DQ of CAT, CLAMS and CAT/CLAMS-r of 16 HIV infected children

Gender

M

F

Chronological
Age (Month)

12*
14
16
18
18
20
20
32

13*
19
19
19*
27
28
32
34

CAT

Basal age         DQ

10.3
14.0
17.0
20.0
20.0
20.0
17.0
30.0

16.2
19.0
21.7
20.4
27.0
26.3
34.5
27.0

  85.8
100.0
106.2
111.1
111.1
100.0
  85.0
  93.7

124.6
100.0
114.2
107.3
100.0
  93.9
107.8
  79.4

CLAMS

Basal age       DQ

11.5
14.0
17.0
18.5
17.0
18.5
17.0
28.5

13.0
18.0
21.0
17.0
25.5
30.0
36.0
26.0

   95.8
100.0
106.2
102.8
   94.4
   92.5
   85.0
   89.0

 100.0
   94.7
 110.5
   89.4
   94.4
 107.1
 112.5
   76.4

CAT/CLAMS-r

DQ

  90.8
100.0
106.2
106.9
102.8
  96.2
  85.0
  91.4

112.3
  97.3
112.3
  98.4
  97.2
100.5
110.5
  77.9

* Discrepancies between CAT-CLAMS DQ > 10
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67-85% specificity(7-9) when compared with BSID, with
the cut-off score below 70 for developmental delayed.
The prevalence of neurodevelopmental manifestations
of HIV infection has been reported in several series to
vary between 8% and 62%(10). From this study, we
found only 1 of 17 children that had score <85, and no
one had score <70.  It could be that the sample size in
this report was too small. Moreover, we found 3 chil-
dren with slightly over 10 score DQ discrepancies who
might have communicative disoders.  Therefore we
need to repeat the test again during follow-up period
in order to detect more subtle abnormality. The assess-
ment is more reliable in older children.

In conclusion, we found that CAT/CLAMS,
is an easy and practical screening neurodevelopmental
assessment test for HIV-infected children in outpatient
setting. With the ease of this test, we are able to coop-
erate it into routine practice, and would be able to early
detect children with delayed development who will be
benefit from early stimulation program.

Acknowledgement
The authors would like to thank all the HIV-

infected children and their caretakers who participated
in this study.

References
1. Tardieu M. HIV-1 and the developing central

nervous system. Dev Med Child Neurol 1998;40:
843-6.

2. Wachtel RC, Tepper VJ, Houck D, McGrath CJ,
Thompson C. Neurodevelopment in pediatric HIV
infection. The use of CAT/CLAMS. Clinical
Adaptive Test/Clinical Linguistic and Auditory
Milestone Scale. Clin Pediatr (Phila) 1994;33:
416-20.

3. Chase C, Vibbert M, Pelton SI, Coulter DL, Cabral
H. Early neurodevelopmental growth in children

with vertically transmitted human immunodefi-
ciency virus infection. Arch Pediatr Adolesc Med
1995;149:850-5.

4. Pittock ST, Juhn YJ, Adegbenro A, Voigt RG. Ease
of administration of the cognitive adaptive test/
clinical linguistic and auditory milestone scale
(CAT/CLAMS) during pediatric well-child visits.
Clin Pediatr (Phila) 2002;41:397-403.

5. Voigt RG, Brown FR 3rd, Fraley JK, Llorente AM,
Rozelle J, Turcich M, et al. Concurrent and predic-
tive validity of the cognitive adaptive test/clinical
linguistic and auditory milestone scale (CAT/
CLAMS) and the mental developmental index of
the Bayley Scales of Infant Development. Clin
Pediatr (Phila) 2003;42:427-32.

6. Wachtel RC, Shapiro BK, Palmer FB, Allen MC,
Capute AJ. CAT/CLAMS. A tool for the pediatric
evaluation of infants and young children with de-
velopmental delay. Clinical Adaptive Test/Clinical
Linguistic and Auditory Milestone Scale. Clin
Pediatr (Phila) 1994;33:410-5.

7. Kube DA, Wilson WM, Petersen MC, Palmer FB.
CAT/CLAMS: its use in detecting early childhood
cognitive impairment. Pediatr Neurol 2000;23:
208-15.

8. Hoon AH Jr, Pulsifer MB, Gopalan R, Palmer FB,
Capute AJ. Clinical Adaptive Test/Clinical Linguis-
tic Auditory Milestone Scale in early cognitive
assessment. J Pediatr 1993;123:S1-8.

9. Capute AJ, Shapiro BK, Wachtel RC, Gunther VA,
Palmer FB. The Clinical Linguistic and Auditory
Milestone Scale (CLAMS). Identification of
cognitive defects in motor-delayed children. Am
J Dis Child 1986;140:694-8.

10. Belman AL. Acquired immunodeficiency syn-
drome and the childûs central nervous system.
Pediatr Clin North Am 1992;39:691-714.



J Med Assoc Thai Vol. 88 Suppl. 8  2005S214

°“√π” CAT/CLAMS ¡“µ√«®§—¥°√ÕßÀ“¿“«–æ—≤π“°“√≈à“™â“„πºŸâªÉ«¬‡¥Á°∑’Ëµ‘¥‡™◊ÈÕ HIV

π‘√—π¥√å «√√≥ª√–¿“, π—π∑°“  °Õß ∂“π, æ‘ ‘∞ ‰µ√µ‘≈“π—π∑å, Õÿ√“æ√ ‚§µ√æ—≤πå, ¬ÿâ¬‡µ’¬ß ¥Ÿ√‘‡¬√å,

 ”√«¬ ‰µ√µ‘≈“π—π∑å

Bayley Scales of Infant Development (BSID) ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë¬Õ¡√—∫„π°“√ª√–‡¡‘π¥Ÿ¿“«–°“√≥å

æ—≤π“°“√™â“¢Õß‡¥Á°‡≈Á°∑’Ë‰¥â¡“µ√∞“π ·µà‡æ√“–µâÕßÕ“»—¬ºŸâ‡™’Ë¬«™“≠∑’Ëºà“π°“√Õ∫√¡ ·≈–‡ ’¬‡«≈“„π°“√

ª√–‡¡‘ππ“π §«√µâÕß¡’°“√µ√«®§—¥°√Õß‡æ◊ËÕ‡≈◊Õ°‡©æ“–ºŸâªÉ«¬∑’Ëπà“®–¡’ªí≠À“ °àÕπ¡“∑”°“√ª√–‡¡‘π¥â«¬ BSID.

The Cognitive Adaptive Test/Clinical Linguistic and Auditory Milestone Scale (CAT/CLAMS) ‡ªìπ‡§√◊ËÕß¡◊Õ

§—¥°√Õß¿“«–¥—ß°≈à“«∑’Ë‰¡àµâÕßÕ“»—¬ºŸâ‡™’Ë¬«™“≠¢π“¥π—Èπ ·≈–‡«≈“∑’Ë„™âª√–‡¡‘π —Èπ°«à“ ®÷ß‰¥â¡’°“√π”¡“‡√‘Ë¡„™â

°—∫ºŸâªÉ«¬‡¥Á°µ‘¥‡™◊ÈÕ‚√§¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß (HIV) ∑’Ë¡“√—∫°“√√—°…“∑’Ë§≈‘π‘°‡©æ“–‚√§¿“§«‘™“°ÿ¡“√‡«™»“ µ√å

‚√ßæ¬“∫“≈»‘√‘√“™  º≈°“√µ√«®‡¥Á°µ‘¥‡™◊ÈÕ‚√§¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß 16 √“¬ ¥â«¬ CAT/CLAMS æ∫«à“Õ¬Ÿà„π§–·ππ

DQ ª°µ‘ ·µàµâÕß∑”°“√µ√«®µ‘¥µ“¡µàÕ‰ª¥â«¬°“√∑” CAT/CLAMS ‡ªìπ√–¬– ·≈–∂â“æ∫º‘¥ª°µ‘ §◊ÕµË”°«à“ DQ

score 70 §«√ àßµ√«® BSID ‡æ◊ËÕ¬◊π¬—π  ‚¥¬«‘∏’π’È®– “¡“√∂µ√«®æ∫‡¥Á°∑’Ë¡’æ—≤π“°“√≈à“™â“‰¥â√«¥‡√Á«Õ¬à“ßßà“¬¥“¬

‡æ◊ËÕ®– àß‡¢â“‚ª√·°√¡°“√°√–µÿâπæ—≤π“°“√µàÕ‰ª


